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ABSTIIACT

MATERIALS :AND METHODS

Catalase scores of fat atld cell-free milk were 25 ± S% of
the total catalase scores of whole milk. Relatively more free
catalase was present in mastitic than in nonnal milk. Addition of H.Ch caused death and dhdntegration of leucocytes
and addition of surfactants increased the rete of death of
leucocytes and rate of O2 release from H.Ch. Disruption of
milk leucocytes by insonation released catalase without appreciable loss of activity. From these results it was concluded
that, in the catalase test the H.Ch caused death and disintegration of leucocytes, thus liberating catalase which relcased O.
from H.Ch. Enzyme activity of beef liver catalase was greater in the presence of heat-labile whey proteins of milk than
in buffer. Presence of more than 2 x 1()'I Iml of high catalase
producing bacteria in milk contributed significantly to the
catalase score of the sample.
.

Milks used throughout these investigations were well mixed
bucket-milk samples from individual cows of the .University
of Wisconsin Dairy herds. All samples were tested within 4
hr after milking. The catalase test was conducted using tube
method A (9) with 10 ml of milk. 2 ml of 3% H.(h., and 3 ml
of water, incubated at room temperature for 3 hr with 4
replicates for each sample. Counts of total leucocytes, live
and dead lencocytes were made all described elsewhere (9).
SOOTCes of catala8e In male. Portions of samples of milk
from 28 cows were centrifuged at 600 x g for 10 min, and
layers of fat removed and the skimmilk decanted. This was
repeated twice for each sample to remove all of the leucocytes
from the milk as determined by microscopic examination.
Catalase tests were made with uncentrifuged and centrifuged
preparations and the data recorded as total and free catalase,
respectively.
On the basis of these tests six apparently nonnal cows
whose whole milk had total catalase scores under 30% O. and
six with histories of chronic mastitis and total catalase scores
above 30% Ch were selected for additional investigations.
Bucket-milk samples were obtained at weekly intervals for 8
weeks and total and free catalase scores in each sample were
detennined.
Effect of bacteria on catalase scores of milk. Cultures of
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StreptocOCCU8 agalactlae, Staphylococct/8 aUTeus, Escherichia
coli, and Bacillus subttlis were prepared in brain heart infusion broth (Difco) with overnight incubation at 37 C. A
.mixed culture of bacteria from milk. cOntaining mainly Pseudomonas sp. was similarly prepared. Graded quantities of
each culture were added to milk of low catalase scores and
bacterial plate count (11) and catalase tests were perfonned
on each sample. The significant difference in catalase scores
of the same sample with and without the addition of bacteria
was determined by the method of least significant difference
(13).
Effect of milk constituents on catalase acHclty. To determine the effect of milk constituents on catalase, activity,
six samples of milk with catalase scores varying from 4 to
36% O. production were divided into 8 portions each. Equal
amounts of beef liver catalase were added to each of 4
replicate samples and catalase activity determined. Controls
eoBSisted of 4 Teplicateswith equal amounts of beef liver
catalase in 0.1 M phosphate buffer of pH 6.6 and 4 replicates each of the milk samples without added catalase.
In further experiments, beef liver catalase was added to
phosphate buffer, sklmmilk, skimmilk heated at 90 C for
10 min, and "hictalbUIllin" or "lactoglobulin" prepared as
described by JenIlessand Patton (6), and catalase tests were
perfonned on each mixture.
Effect of disruption of leucocytes on catalase actfvity. Portions of four milk Ilamples with catalase scores ranging from
20 to 10011i Ch production. and snspensious of milk leucocytes
in phosphate buffer were insonated1 for 5, 10, and 15 min.
Total, live and dead lencocytes, and catalase scores Were de-
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Although the amount of catalase is known to be
increased in milk from cows with mastitis, some poor
correlations between leucocyte counts and catalase
scores in milk have been reported (1, 3, 5, 10). Spencer and Simon (12) found appreciable amounts of cata·
lase in the cell-free fractions of normal and mastitic
milk, but little is known about the quantitative distribution of catalase in cellular and cell-free fractions
of normal or mastitic milk. The purpose of this reo
port is to present results of some studies which were
made to determine the sources of catalase activity in
milk, including the effect of the presence of bacteria
iIi milk on the catalas€ scores and the effect of certain milk constituents OIl the activity of beef liver
catalase.
The mechanism of the catalase test on milk is inadequately understood. To obtain information on
this aspect of the test, the effect of insonation, H.02
and surfactants on viability of the leucocytes was
,studied in relation to the catalase activity of the
samples.

",.
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TABLE

1.

EFFECT OF MILK CONSTITUENTS ON THE ACTIVITY OF BEEF LIVER CATALASE

Buffer
pH 6.6

SJdmmllk

19.5

Per cent O.
production with
added catalase

20

47.5

Activity of
added catalase
in relation to
that in buffer

100

140

Whey

"Lactalbumin"
0.45%

"I4tctoglobulln"
0.111%

2

0.5

1.5

22

31

25.5

31.5

107

145

0.5

125

150

'2(}% O. produced by added catalase in buffer was assumed as 100% activity of the beef liver catalase and the others were
calculated as follows:

[

O. production AFTER addition - O. production BEFORE additiOn]
of the catalase
of the catalase

X 100

the catalase in the buffer
tennined before and after insonation. The samples whiCh
were insonated for 5 min were centrifuged at 800 x g for 10
min, fat and sediment were removed, and catalase scores determined. Total catalase scores of control samples, not subjected to insonation, were also determined.
Effect of H.O. and surfactants on leucocytes and catalase
activity. Six milk samples, eaCh of which contained more
than 10" Ieucocytes per mI, were centrifuged at 400 x g for
10 min, and the sediment was resuspended in a small volume
of the original milk. The above suspension was divided into
three 10 ml portions. To one portion, 2 ml of 3% H.~ and
3 ml of water were added and proportions of live and dead
leucocytes were determined at 0, 10, 20, 30, 40, 60, and 90
min. To the other two portions of leucocyte suspensions in
milk, 2 ml of 3% H 2 O:. and 3 ml of 1: 5 Mastest solutionS or
3 ml of 0.5% sodimu lauryl sulfate were added and the proportion of live and dead leucocytes was determined at 0, 10,
20, 30, 40, 50, and 60 min.
In a different experiment, milk san1ples from 10 cows with
catalase scores ranging from 10 to 70% (mean 26%) O. production were divided into 12 portions of 10 rol each. The
following materials were added to each set of 4 replicate
milk samples; 3 ml of 1:5 Mastest solution; 3 ml 0.5$ sodium
lauryl sulfate; 3 ml H 20. The catalase test was then performed on eaCh sample by addition of 2 ml 3% H2~. Oxygen
released was recorded at 10, 20, 30, 40, 50, 60, 75, 90, 120,
150, and 180 min.

activity varied from 15 to 50% (mean 25 -1-.9·) of
the total catalase score. The correlation coefficient
RESULTS

Sources of catala8e in milk. Catalase tests condUded on each sample before and after centrifugation
showed that in different samples the free catalase

'''Sonifier,'' Branson Instruments, Stanford, Conn.
2Norden Laboratories, Lincoln, Nebraska.
°Standard deviation.

between free catalase scores and total catalase scores
was .89 (P <.05). The proportion of dead leucocytes in the 28 samples ranged from 5 to 50% (mean
21 ± 12°), of the total leucocytes. The correlation
coefficient between free catalase scores and log of
the number of dead leucocytes was .59 (P <.20).
The total catalase scores of milk from normal cows
was less than 30% Q, production of which 15 to 35%
(mean 26) resulted from free catalase. Milk from
cows with mastitis had relatively higher free catalase
activity, ranging from 25 to 50% (mean 41) of the
total catalase scores.
Effect at bacteria on catala8e score of milk. The
least significant difference in catalase scores was
found to be approximately 4% 02 production. On this
basis, significant increases in catalase score occurred
when more than 2 x 10" B. subtilis/ml, 1 x W' E. coli/
ml, 5 x 10" S. aureus/ml and 5 x 10" mixed culture/ml
were present. A significant increase in catalase score
was not observed in samples with as many as 5 x
10· S. agalactiae/mI.
Effect of milk constituents on catala8e activity. The
increase in Q, production contributed by the added
beef liver catalase in whole milk samples was 46%
(range 20 to 60%) greater than the same amount of
beef liver catalase in buffer.
As shown in Table 1, the activity of beef 'liver
catalase was 40% greater in skimmilk than in buffer.
This increased activity was eliminated by heating
skimmilk before adding beef liver catalase. Whey
buffered at pH 6.6 (after acid precipitation of casein)
had a catalase enhanCing effect of the same order
unheated skimmUk. This enhancing activity was associated to a greater extent with "lactoglobulin" than

as
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0

Per cent Os
production without
added catalase

Sk1mmUk
heated 90 C
for 10 min
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Figure L Effect of H.<h and surfactant (Mastest solution)
on leuCQcyte$ of milk.

- - H20 2
____ H202 + MAST EST SOLUTION
~

H202 + SODIUM LAURYL SULFATE

30

Effect of H.O. and surfactants on leucocytes and catalase actit-'ity. The results are presented in Fig. l.
Proportion of dead leucocytes in the presence of
H,O. reached maximum of 45% in 10 min, and the
remaining leucocytes appeared to be viable through
the 90 min observation period. Mter 40 min exposure to the surfactants in the presence of H.O.
practically all of the leucocyteS were dead. Significant differences in rates of death of leucocytes between Mastest solution treated and sodium lauryl
sulfate treated samples were not observed.
In the experiment in which catalase scores were
determined with and without Mastest solution or
sodium lauryl sulfate, the rate of release of O. was
faster, reaching completion in 90 min in the presence
of surfactants. These results are presented in Fig. 2.
A statistical comparison of catalase test scores at 90
min in samples with surfactant and 180 min in control samples was made. The correlation coefficient
is .99 (P <.01) and the regression coefficient is 1.035
(results with surfactants being y). The standard
deviations of 4 replicates were 1.9% and 2.8% 0. production with and without surfactants, respectively.
DISCUSSION

160

200

TIME IN MINUTJ!!S

Figure 2. Effect of· surfarlants on the rate of release of
oxygen (average of 10 different samples).

with "lactalbumin." Removal of fat, addition of Fes+,
Ca'+, or Mn+ had no significant effect on catalase
activity in this system.
Effect of sonic disruption of leucocytes on catalase
activity. Leucocyte counts in the samples before insonation ranged from 7.0 x 1<1 to 1.3 x 107 (mean 4.6
x 10") cells/ml of which 15 to 38% (mean 26%) were
dead cells. After insonation for 5 min more than 00%
of the leucocytes were disintegrated and non-stainable with methylene blue and of the stainable cells
more than 00% were dead, so that less than 1% of the
initial leucocytes remained alive. Th~ catalase SC0res
of the samples insonated for 5 min were 90 to 100%

These results confirm the findings of Spencer and
Simon (12) that catalase may occur free in milk.
Relatively greater amounts of free catalase were
present in mastitic than in normal milk. The origin
of this free catalase is not c I ear. Although the
amount of free catalase was poorly correlated with
the number of dead cells in the untreated milk samples, cell.. which had died and disintegrated in the
udder before the milk samples were drawn could not
be estimated. It is proposed that variations in the
free catalase content of the milk of different cows
may be related to variations in the rate of death and
disintegration of leucocytes and perhaps parenchymal
cell'! in the udder as part of the inflammatory process.
The presence of free catalase in milk could be one
of the factors responsible for the poor correlation
between cell counts and catalase scores which have
been reported (1, 3, 5, 10).
The present experiments on the effect of bacteria
on milk catalase scores are in general agreement with
those of Monlux (8). Even the most active catalase
producing pure cultures of B. subtilis, significantly
increased catalase scores only when populations were
2 x 10"hnl or higher. Since the legal standard in the
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of the catalase scores of the untreated samples, and
were only ~lightly less when insonation was extended
to 15 min. The catalase scores of the insonated, centrifuged cell-free skimmilk were 90 to 95% of those
of the untreated samples.
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United States for grade A raw milk is not more than intracellular enzyme and the role of H.O. in the cata2 x 10' bacteria/ml, and for manufacturing grade raw lase test is to cause death of leucocytes, thus releasmilk is not more than 1 x 10" bacteria/ml, the con- ing the catalase and then providing substrate for the
tribution of bacteria to the catalase scores of milk enzyme.
is not likely to be significant unless the organisms
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